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Photographs, in daylight from the roof of the Luboratory, of the
Potomec River scene through haze and fog with infra-red sensitive
plates showed that objects could just be seen in the pictures at
about 1.2, 4 and 8 miles when the hazec and fog were such that the
objects could be seen with the eye at zbout 1, 3 and 6 miles,
respectively. Twenty-two of the photographs &re reproduced.




INTRODUCTION

It has been known for a long time that pictures taken with Infra-
red sensitive photographic plates bring out the contrasts of a scene
differently from picztures taken with ordinary plates (1). With the
infru-red plate the velling effect of haze can often be eliminated to
« sonciderable extent (2), (3). The earlier plates were relatively in-
sensitive and long exposures were required. Within recent years the
sensitiveness of the plates has been increased until it is comparsble
with the sensitiveness of ordinary panchromatic plates or film. The
infra-red plates are availsble commercially and have been used in
photography from the air. In England pictures teken with Infra-red
plates are commonplace und are seen on culendsrs, ete.

The experiments described in the following parsgruphs were carried
out to find the answer to the question, "How fur can onc photograph
objects through haze and fog by means of infra-red piates as compared
to the distance at whish the objects can be seen through the haze and
fog?" The answer is given in Table 1 &nd the curves of Plate 13.

EXPERLMENTAL DuTAILO
Three types of photographic plates were used: commercial

penchromatic, infra-red plates Type R, and infra-red plutes Type Q.

%> shall refer to these as P, R and Q plates, respectively. The P

plates were used with a yellow filter ¥ratten A over the lens of

the camera to yield a response-to-light curve similar to that of

the eye. Pictures teken in this way with the P plates were fairly

faithful reproductions of the scene as the eye sew it, the visibility

of objects derived from the plates being the same as the eye visibility.

With the R and ¢ plates a red filter Viratten Ky wes used. The R

plates (4) were sensitive to the wave-length region from about 0.76

to 0.84n. It will be recalled that the red sensitivity of the eye

fslls to & low valur or zero beyond sbout 0.72u. The { plates were

mainly sensitive to the region from 0.88 to 1.02u, although thelir sensi-

tivity curve extended, in decreasing grade, from 0.88p to shorter wave-

lengths as far 25 0.80u. The R plates are about the same with respect

to keeping quality as psachromatic plates. The Q plates, however, must

be kept on ice, and even co deteriorate ufter several months. With

e ————— = amr i —- —_— @ —————— e —————— T . . e e

{1) R.¥. Wood, "Physicual Optics". Chapter 22, 1911.

(2) "merial Haze end its Effect on Photogrephy from the Air", Eastman
Kodek Company, 1923.

(3) Rawling, "Infre-red Phctography", 1933.

(L) C.E.K. Mees, Journsl of the Optical ociety of America, 21, 753,
1931; 22, 204, 1932; 23, 229, 1933.

Fe




lenses which we used, one of 27 inches and one of 8 inches focal length,
the position of focus for ench lens wuc the same for the P, R and

pletes.

The relative zensitlvitles of the P, R and C plates were us
1:1/3031/300, or tke times of exposure as 1:20:300. If the R &nd ¢
plates were sensitized with ammonla the relative times of exposure be-
came about 1:15:50.

In genersl, woter and sky eppeared darker egnd green grasc &nd
lecver whiter on the R and G plates thazn on the P plates, slthough the
degree of -the changes varied with the amount &nd direction of the il-
lumination. <Shadows were darker on the infru-red plates than on the
P plates, &nd therefore, becsuse of the heightened contrust, details
of an object may appear more clearly on the Infra-red plstes slthough
the object itselfl muy have no unusual spectral characterlstice in the
infra-red.

EXPERIMENTAL RESULTS

Nineteen sets of pictures were teken from the roof of the Labora-
tory on clear, hazy and foggy days, each set consisting of either P
and R, or P aund G, or P, K and § plates. At the time that & set wes
taken, careful note was made of the "eye wilsibility" thzt is, the
distznce In nautlicul miles of the most distant object which could te
seen. Two socenes were used, one up the Potomac River to the north end
one down the Potomac River to the south. From ezch plate the "plate
visibility", i.e. the distunce to the most distzni object which could
be seen on the plate, was determined.

The results are given in Tuble 1. Ten of the sets are reproduced
in Plutes 3 to 12, &= indicated in Tszble 1. Plates 1 and 2 give the
distences to various objects in the two ccenes. The P and  plates were
not sensitized with ammonis &nd the lens was stopped to a small eperture,
s0 that rather long exposure times were rececsary; they could, of course,
be grestly reduced. Tke exposure times were from 1/5 to 1 second for the
P plates, 4 to 20 seconds for the R plates and 3 to 8 minutes for the Q
plutes. In many of the Plates 3 to 12 the water of the R and ¢ plctures
appesrs smoother than of the P pictures merely because of the longer
exposure. In picture R of Plate § the blurred white spot on the
water was & ssil btoat coming down the river.

The plate wislbilities in nesutical miles of Table 1 gre plotted
as ordinates in the curves of Plate 13 aguinst the eye visibilities
&8s sbscissas. Since the P plste &nd the eye yield the come visibility
the curve for this plate is & streight line &t 45° to the X-exie.
.The curves stop at 8 miles because that was the distance to the most
remote object wvailsble in the present experiments. From FPlete 13
it follows that the increase in penetration through haze of the infra-
red pletes compared to the eye increeses &s the haze gets thinner. We
may add snother point to the R curve by mentioning that Stevens photo-
graphed Mt. Shasts from an sirplane with R plates &t & distance of
330 miles when he could only see about 150 miles (3).




The results support the conclusion that photogrephy with infre-red
plates can not be regarded as & means of penetrating fog to uny useful
extent. The apprecitble penetretion of thin haze which the pletes
afford mey possibly be of Nuval iInterest. GQuite apart from huze pene-
tration, however, it would be of interest to know what sea scenes photo-
grephed with infre-red pletes would look like, for exasmple, scenes of
ships &t e distance, of shell splashes, of guns firing, ete. In such
experizents one would preferably use the R pletes and disregerd for
the present the Q plates. The extension in the infra-red which the ¢
plates offer would appeur to offer but slight sdvantege over the R
plates in contrast effects of sea-scapes.
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Distances of objects to north
in nsutical miles.

PLATE 1.




Moa:‘r!ey Pt 7.5
Mud Bank 0.6
Virginia é.0

0X Ferry 1.3 Swan Pt 6.7

Rosiers Sluff 2.9

3 . Distances of objects to south in

nautical miles.

PLATE 2
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Visibility 2 miles. Thin fog.
November 27,1933. 10:00 &.m.
Mtitude of sun, 23°.
Sun bearing, 150°.

PLATE 3




Visibility 2 miles. Thin fog.
November 27, 1933. 10:00 &.m.
Altitude of sun, 23°.
Sun bearing, 30°.
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Vicibility 5 miles. Thickish haze.
December 8, 1933. 10:30 a.m.
Altltude of sun, 24°.

Sun bearing, 35°.

PLALTE 6
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Visibility 6 miles. Moderate haze.
November 26, 1933, 11:30 a.m.
Altitude of sun, 26°.
Sun bearing, 170°.

PLATE 7
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Visibility 15 miles. Clear.
December 1, 1934. 1:40 p.m.
Altitude of sun, 25°.
Sun bearing, 160°.
PLATF O. ¢




Visibility 15 miles. Clear.
December 1, 1934. 1:40 p.m.

. Altitude of sun, 25°.

= 8 Sun bearing, 20°.

PLATE 10




Visibility 3 miles. Haze.
Janvary 9, 1934. 10:30 a.m.
iltitude of sun,27°.

Sun bearing, 170°.

PLATE 11
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isibility 9 miles. Ctlight haze.
Jan. 9, 1934 10:00 a.m.
Altitude ol sun, 26°.
Sun bearing, 160°.

PLATE 12
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DOT7S, CIRCLES AND CROSSES REFERTO
F.RAND Q PLATES, RESPECTIVELY,

FPLATE /13 |




